. LPAR2 and Autotaxin are required for NC migration. (A) Lateral view of XFli1 (NC marker) and LPAR2 expression at postmigration stages. (B) Expression of LPAR1 in premigratory (stage 18, dorsal view) and migratory stages (stage 24, lateral view). Arrowheads indicate the otic vesicle and an ectodermal domain that appears to be expressing LPAR1. No expression was seen in NC cells. (C) Expression of Autotaxin at stage 18 and 20 (dorsal views) and stage 24 (lateral view). ATX is first weakly expressed in the neural plate border region (St18) and is up-regulated in early migratory NC cells (St20), and remains expressed in a subpopulation of migratory NC cells (St24). Asterisks indicate eyes. (D) Inhibition of ATX expression impairs NC migration (St24, dorsal and lateral views). (E) Inhibitions of ATX or LPAR2 expressions do not affect NC induction (St18, Snail2 in situ hybridization; the inset shows FDx on the injected side). (F) RT-PCR from RNA extracts obtained from whole embryos (WE), animal caps (AC), animal caps expressing truncated BMP receptor (AC + tBR), or from NC cells obtained from animal caps coexpressing tBR and Wnt8, in the presence of LPAR2MO (L2MO). Snail2 and Foxd3 are NC markers. Asterisks mark the eye. (G and H) Sequence analyses of LPAR2 and LPAR1. (G) Evolutional tree (NJ method; GENETYX) of LPAR's seventh cytoplasmic domain amino acid sequences (C-tail). LPAR2 sequences are categorized into two groups, relatively primitive animals (lizard, turtle, frogs) and mammalian homologues (human, rat, mouse, dog), whereas the sequence homologies of LPAR1 are very high in C-tail among species. Right panel, multiple sequence alignments of LPARs. Among the primitive species, Tyr 317 , Ser 318 , Ser 321 , and Ser 324 are well-conserved. (H) We compared LPAR2 and LPAR1 sequences to generate a LPAR consensus sequence in which S324 is well conserved across species. Video 1. Chemotaxis assay toward Stromal cell-derived factor 1. Control and LPAR2MO NC cells expressing nuclear mCherry were filmed on a microscope (Eclipse 80i; Nikon) with a 10× Plan-Apochromat objective lens. Images were acquired every 5 min for 7 h with a black and white camera (Hamamatsu Photonics). Tracks were generated using Imaris. (top) Control cells. (bottom) LPAR2 morpholino-injected cells. Individual movies were combined and annotated using Premiere Pro software (Adobe).
Video 2. Invasion assay using microfluidic tunnels. Control NC cells expressing membrane-mCherry and nuclear mCherry (shown as pseudo-green) and LPAR2MO NC cells expressing membrane-GFP and nuclear-mCherry were filmed on a microscope (Eclipse 80i; Nikon) with a 20× Plan-Apochromat objective lens. Images were acquired every 5 min for 6 h with a black and white camera (Hamamatsu Photonics). From left to right: panel 1, controls cells in front of a tunnel of 25 µm; panel 2, LPAR2MO cells in front of a tunnel of 25 µm; panel 3, controls cells in front of a tunnel of 150 µm; panel 4, LPAR2MO cells in front of a tunnel of 150 µm. Note that control cells are able to invade, whereas LPAR2MO cells are stuck at the entrance (25 µm) or within the tunnels (150 µm). Individual movies were combined and annotated using Premiere Pro software (Adobe). Video 4. Pulse-chase assay using HaloTag technology to monitor N-cadherin internalization. Cells were coinjected with Halo-Tag-N-cadherin and membrane-mCherry. Movies start 30 min after washing away HaloTag ligand. Note that in control cells most of the N-cadherin is found in vesicles inside the cytoplasm, whereas in LPAR2MO cells N-cadherin remains at the cell membrane. Overexpression of constitutively active Rab5 in LPAR2MO cells is sufficient to restore N-cadherin internalization. Images were analyzed by time-lapse confocal microscopy using a laser-scanning confocal microscope (LSM 510 Meta; Carl Zeiss) with a 63×/1.4 NA oil Plan-Apochromat lens. Frames were taken every 30 s for 24 min. The acquisition software for this video was LSM 510 operation (Carl Zeiss). The AVI file was formatted as a MOV file using QuickTime 7 Pro (Apple). Individual movies were combined and annotated using Premiere Pro software (Adobe).
Video 5. Dispersion assay with controls and LPAR2MO cells. Control and LPAR2MO NC cells expressing membrane-GFP and nuclear mCherry were filmed on a microscope (Eclipse 80i; Nikon) with a 10× Plan-Apochromat objective lens. Images were acquired every 5 min for 5.5 h with a black and white camera (Hamamatsu Photonics). The movie shows controls cells, LPAR2MO cells, and LPAR2MO cells cultured in low calcium/magnesium conditions, or coinjected with N-cadherin Morpholino (NCadhMO) or constitutively active Rab5 (CA-Rab5). Individual movies were combined and annotated using Premiere Pro software (Adobe). Video 6. Invasion assay using microfluidic tunnels. Control and LPAR2MO NC cells expressing membrane-GFP and nuclear-mCherry were filmed on a microscope (Eclipse 80i; Nikon) with a 20× Plan-Apochromat objective lens. Images were acquired every 5 min for 5 h with a black and white camera (Hamamatsu Photonics). (top) Tunnels of 50 µm with controls cells (left), LPAR2MO cells (middle), or LPAR2MO cells preincubated in N-cadherin blocking antibody (NCD2). (bottom) tunnels of 150 µm with controls cells (left), LPAR2MO cells (middle), or LPAR2MO cells preincubated in N-cadherin blocking antibody (NCD2). Individual movies were combined and annotated using Premiere Pro software (Adobe).
